In all adult tissues, there is a constant supply of differentiated cells provided by the existence of stem and progenitor cells capable of dividing according to the organism's demands. One of the most paradigmatic tissues regarding the study of stemness and differentiation is the hematopoietic system. Blood homeostasis is sustained by a subset of cells known as hematopoietic stem and progenitor cells (HSPCs). This is a heterogeneous population that includes from the most immature cells, which have the ability to self-renew and give rise to cells of all blood lineages, to the so-called progenitors, whose differentiation capacity is restricted to a single lineage and display a more limited number of divisions. To date, the main way of distinguishing hematopoietic cells in different stages of maturation has been the use of surface markers based on their restricted or exclusive expression (1) . Nevertheless, these markers per se do not show functional characteristics of the cells, since generally only their restricted expression is exploited, but not their biological activity.
The proliferative status of hematopoietic stem cells (HSCs) must be tightly regulated, since they have to replenish the pool of mature, functional cells, after injury or ablation. Consequently, they must not divide endlessly otherwise this primary source would be exhausted (2) . This control is exerted by the microenvironment surrounding them, which includes both cellular and acellular factors (3). This idea was proposed in the late 70s by Schofield (4) for the hematopoietic system, who named this environment the 'niche'. Until recently, it was believed that the main cellular regulators of the cell cycle of HSCs were only the surrounding supporting cells, those non-related to the hematopoietic lineage.
A c c o r d i n g t o t h e a c c e p t e d u n d e r s t a n d i n g o f hematopoiesis, the most immature and quiescent cell in the steady-state is the so-called long-term hematopoietic stem cell (LT-HSC). In mice, this cell divides 5 times during their lifespan (5) and can be isolated on the basis of different combinations of the expression of surface markers and/or dye-efflux activity (6, 7) . Common functional assays to demonstrate the stemness of HSCs purified in this manner are colony-forming unit (CFU) assays and longterm repopulation (LTR) assays (8, 9) . Nonetheless there is an active research in progress looking for 'functional' surface markers that may be indicative of the actual cell cycle status and that correlate with the stemness of HSCs. These new surface markers are often adhesion molecules which interact in an either homo-or heterophyllic manner with the surrounding niche. A recent example of this is the endothelial cell-selective adhesion molecule (ESAM), which has been shown to become selectively upregulated upon BM injury with 5-fluorouracil (5-FU) treatment in LSK cells, and to identify actively-cycling cells in the CD150 + subset with an enhanced capacity of repopulation (10) . Another interesting study regarding this issue has been performed by Jeannet and colleagues (11) . In this work they demonstrate that activated leukocyte cell adhesion molecule (Alcam or CD166) is expressed in LT-HSCs (although not exclusively), and positively regulates both engraftment and LTR capacity. Despite the fact that Alcam is not a selective marker of HSCs, it could be used in combination with other surface antigens to simultaneously identify immunophenotypic and functional LT-HSCs. It would be very interesting to not
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The DARC-CD82 axis discloses bone marrow macrophages as guardians of long-term hematopoietic stem cells quiescence only discover new surface molecules, but also to find out more about the biological role of the currently employed ones in order to improve sorting methods to be used in both basic and translational research.
Even though supporting non-hematopoietic cells comprising the niche have extensively been studied, there is a growing body of evidence that shows the influence of terminally differentiated cells on the stem cell which gave rise to them in distinct tissues (12) (13) (14) . Regarding the role of mature hematopoietic cells as niche components, there are two parallel reports conducted by Frenette's and Li's teams, respectively. Both of them demonstrate the involvement of megakaryocytes (MKs) in the regulation of HSC quiescence. In the first paper, the authors state that HSCs reside in the BM close to, or in contact with, megakaryocytes, which through secretion of platelet factor 4 (PF4) would regulate the quiescence and engraftment of the undifferentiated cell. They also demonstrate that the megakaryocyte niche is spatially independent of the arteriolar niche (15) . In the second one, the proximity of MKs and HSCs in the BM is also shown, together with the fact that their depletion disturbs the quiescence of the LT-HSCs, committing them to more differentiated progenitors. The maintenance of LT-HSCs in the steady state seems to be carried out through secretion of TGF-β, according to these presented results. On the other hand, after 5-FU injury, MKs are important for marrow reconstitution via FGF secretion, although TGF-β seems to be also necessary for a proper engraftment after this type of stress (16) . Additionally, Nakamura-Ishizu et al. have described the relevance of thrombopoietin (TPO), a cytokine known for its regulatory role in the differentiation of MKs, in the maintenance of HSC quiescence (17) . Interestingly, in this study it is suggested that MKs would produce and secrete TPO into the BM, and this would maintain HSC quiescence in the steady state. It makes sense that a population of cells that reside in the BM cavity and in close contact with HSCs could regulate their biology. Therefore, in line with the previous reports, it would be very interesting to explore the possibility that other committed or mature hematopoietic cells residing in the BM may have an impact on HSC function.
This question has been addressed by Hur et al. as described in their recently published report (18) . First, they identified the widely expressed molecule of the tetraspanin family CD82 as a differential marker of LT-HSCs, as compared to more mature hematopoietic cells (ST-HSCs and MPPs). They studied the simultaneous expression of this surface antigen and the previously described selective leukocyte adhesion molecules (SLAM) markers (19) on HSCs, and found a higher expression on SLAM-HSCs with respect to more committed populations. In addition, they showed that the location of CD82 + LT-HSCs is preferentially close to endosteum and arterioles in the BM, regions that are known to be important niche constituents (20) (21) (22) (23) (24) (25) .
Following on, the authors quantified both the immunophenotypic HSC subsets and the clonogenic ability of LT-HSCs in control and Cd82 knockout animals, and demonstrated that only LT-HSCs, but not ST-HSCs or MPPs, were altered by the absence of this gene. Moreover, the colony-forming capacity of the LT-HSC subset was clearly diminished in KO vs. WT animals. Accordingly, it would seem that only symmetric divisions of LT-HSCs were compromised, as the more mature populations were not disturbed by Cd82 deletion. However, it seems quite a strange phenomenon that one of the subsets decreases while the rest remain unchanged, given that the expected observation would have been that all populations would have been altered when one of them changed. Additionally, they provided evidence that Cd82 −/− LT-HSCs are less quiescent than WT cells on the basis of the expression of the Ki67 antigen and some cell cycle inhibitors, together with BrdU incorporation. It would be extremely interesting to discern if these increased divisions are either symmetric or asymmetric in order to explain the constant percentages of ST-HSCs and MPPs.
To further dissect the molecular mechanism that links CD82 expression on LT-HSCs with their quiescence, Kim's team used the EML cell line, which provides larger sample amounts than Lin − cells in order to perform the necessary experiments. They induced both overexpression and downregulation of Cd82 in EML cells, and proved that the effect was the opposite for the two experimental approaches regarding TGF-β signaling components. Overall, their results pointed to a positive regulation of CD82 on TGF-β1 secretion and TGF-βR2 expression. TGF-β signaling, via PKCα, would lead to an increase of both total and phosphorylated forms of SMAD3, which would generate cell cycle arrest via upregulation of cell cycle inhibitors p21, p27 and p56, and dephosphorylation of Rb. This is in concordance with the work of Zhao and colleagues describing MKs as HSC quiescence guardians via TGF-β signaling (16) . Thus, there seems to be consensus regarding the signaling pathways employed by mature cells to regulate stem cell activity.
Having deciphered some key signaling molecules involved in the CD82-mediated maintenance of HSC quiescence, the next step in the work was to assess the in vivo repopulating capacity with and without Cd82 expression in a wild-type background. As expected, the reduced quiescence of Cd82 -/-LT-HSCs caused impaired long-term reconstitution ability after BM ablation. They observed both augmented expression of Ki67 and a reduced number of HSCs in mice transplanted with Cd82 -/cells, accompanied by a bias towards the myeloid lineage after primary and secondary transplantation.
To better understand the external signals through which CD82 exerts its regulation on HSCs, the authors studied the expression of the Duffy antigen receptor for cytokines (DARC), a previously described interaction partner of this membrane molecule (26), on niche supporting cells. They found that, among the populations taken from BM, only macrophages (Mφ) expressed a considerable amount of DARC. Next, they observed the physical interaction between DARC + Mφ and LT-HSCs in vivo in Tie2-GFP mice, and in vitro in a co-culture of primary isolated Lin − cells and F4/80 + macrophages. After confirming the protein interaction through immunoprecipitation assays, they determined that DARC + , but not DARC − Mφ, promote the quiescence of LT-HSCs in co-culture in a TGF-β1-controlled manner, as shown by means of shRNA experiments. Interestingly, CD82 expression on LT-HSCs was shown to be augmented when DARC was present on Mφ surface. However, despite that these experiments show a novel and interesting role of Mφ in the regulation of LT-HSCs quiescence, the possible influence of endothelial DARC in this process cannot be discarded, since this was the first cell type in which DARC-CD82 interaction was described (26) . Given the fact that endothelial cells are wellknown regulators of HSC biology, this interaction may be a component of the underlying mechanism governing this function. In fact, the authors show in their publication that upon co-culture of LT-HSCs with the endothelial cell line MS-1 overexpressing DARC the percentage of LT-HSCs in the G 0 phase was augmented. Although this was not the case for the cell line C166, it would be extremely interesting to explore this scenario in a deeper manner, and also to elucidate whether the interaction of LT-HSCs with only Mφ or both cell types (Mφ and endothelial cells) is the responsible one of the quiescence promoting effect of the DARC-CD82 interaction. In addition, although not explored in the article of Hur and colleagues, there may exist a cis regulation of the DARC-CD82 axis in Mφ or a homotypic trans CD82 interaction between two different cells of the myeloid lineage, because of the high CD82 expression reported in myeloid cells (27) .
One of the most interesting sets of experiments in the report is where the authors actually show the functional relevance of the DARC-CD82 interaction on LT-HSCs cell cycle regulation upon hematopoietic ablation. 5-FU treatment caused an increase in the proliferation rate of BM cells with a concomitant drop of CD82 + LT-HSCs. Although they propose that this phenomenon was mediated by the depletion of DARC + macrophages, their percentages did not start to be diminished simultaneously, and therefore, there must be additional mechanisms that initiate LT-HSCs proliferation at an earlier time point. The fact that upon 5-FU treatment co-localization between LT-HSCs and DARC + macrophages was not observed could be a crucial point, especially if it happened before Mφ depletion. This might explain the time-course profile difference between the drop in CD82 + cells and DARC + Mφ previously mentioned. Regardless of origin of the CD82 drop (either loss of CD82-DARC interaction or Mφ depletion) the authors clearly reveal the strong correlation between the number of DARC + Mφ and the quiescence of LT-HSCs by co-culture experiments with EML cells and Raw 264.7 cells. Importantly, this quiescence was not maintained upon downregulation of DARC on the Mφ surface. Hur and colleagues went deeper into the molecular mechanism by which DARC regulates CD82 and proved, in vitro, that in the absence of interaction between both molecules, the latter was endocytosed and eliminated by proteasomal degradation in EML cells. Moreover, there seemed to be no need for the presence of other surface molecules to trigger the HSC quiescence effect, since treatment with recombinant DARC without Mφ present in the culture preserved the dormancy of EML cells.
Finally, they extended their findings in the mouse model to a human setting. By using UCB purified HSCs, they corroborated that CD82 was mainly expressed by quiescent cells, and that the PKC signaling initiated by DARC-CD82 interaction was conserved in humans. Similar to what occurred in the murine model, monocytes/macrophages were the main DARC-expressing cells in UCB, and coculture of DARC + monocytes/macrophages with human HSCs upregulated CD82 expression on these cells. This is clear evidence that the mechanism described for mice operates in a highly similar fashion in a human experimental setting.
We consider this report to be a very elegant study, not only because of the technical complexity of the experimental design and the detailed view it presents regarding the molecular mechanism that governs the HSCniche interaction, but also because of its scientific relevance and the interesting focus from which it was performed. On one hand, Hur et al. have contributed to reformulate CD82 as a surface antigen defining functional LT-HSCs by showing its differential expression and biological role in this subset. CD82 has been previously described as a regulator of cell adhesion through control of alpha 4 integrin (28) . We and others have demonstrated the importance of cell adhesion molecules in the regulation of HSC quiescence (10, 11, 23, 29, 30) . Therefore, we would not discard the possibility that, in addition to TGF-β signaling, cell adhesion might have a role in CD82-mediated control of the cell cycle. As indicated above, defining functional markers is very relevant to improve cell sorting protocols and studies regarding the repopulating capacity of HSC. On the other hand, despite that Mφ have previously been proposed as niche components (31), Hur et al. describe for the first time their role as gatekeepers of the quiescence and the long term repopulation ability of HSCs through direct contact. These studies, in conjunction with the above pointed reports involving MKs in HSC regulation in the BM cavity (15) (16) (17) , depict a new paradigm of the HSC niche in which its cellular composition is not restricted to supporting, non-hematopoietic cells, i.e., the traditional vascular and osteoblastic niches. Perhaps, in light of these results, we should start to consider some kind of "singlecell niche", taking into consideration every cell surrounding a particular stem cell/progenitor, even another HSPC, given the evidence showing autocrine regulation of HSCs in terms of stemness (32) . In the medium/long term it will be extremely interesting to consider other hematopoietic subsets occupying the BM cavity, either progenitors or more committed cells, as crucial regulators of the cell cycle and differentiation of HSPCs, in order to unravel the complex network of interactions that presumably govern these critical processes. As the authors propose in their paper, their study not only sheds light on the regulation of LT-HSCs quiescence by DARC + Mφ, but also opens new therapeutic possibilities, with respect to the use of rhDARC and TGF-β in the clinic, to improve ex vivo expansion protocols for HSCs, which is one of the most currently pursued goals in the field of hematopoiesis.
